Sn), and ultraviolet-visible light spectroscopic studies. The spectroscopic data showed that the ligands are monobasic bidentate, coordinating through nitrogen and sulfur/oxygen atoms. Thus, suitable trigonal bipyramidal geometry and octahedral geometry have been suggested for the 1:1, and 1:2 metal complexes, respectively. The ligands and their complexes have been tested against various microbes for their in vitro antimicrobial activities. All complexes exhibit good antibacterial activity against the two bacterial species Escherichia coli and Staphylococcus aureus and remarkable antifungal activity against the two fungi Fusarium semitectum and Aspergillus flavus with respect to their corresponding ligands. The DNA cleavage efficiency of the ligands and the complexes has also been examined and discussed using gel electrophoresis technique, which showed the cleavage of DNA by all the metal complexes and ligands.
Introduction
Indole derivatives acquired great significance owing to their wide spectrum of biological and pharmacological activities. 1H-Indole-2,3-dione (isatin) is an indole derivative, which consists of indole nucleus and having both keto and lactum moieties. Isatin can be used to prepare a variety of heterocyclic compounds (Shvekhgeimer, 1996) and is a versatile substrate used as a raw material for drug synthesis (Da Silva et al., 2001) . Isatin serves as a color reagent for the amino acid proline, giving a blue derivative and is used for the determination of amino acid in pollens (Shah et al., 1997) and many other vegetable materials using article chromatography. Isatin derivatives are increasingly used as precursors for the preparation of many biologically active compounds (Mathur and Nain, 2014; Sekularac et al., 2014) . Furthermore, it was found that substitution of the halogen group at the fifth position of the indole ring yields the most active pharmacodynamic compounds and biological activity increases many times.
In coordination chemistry, isatin derivative and its Schiff bases possess a large number of pharmacological properties including antibacterial (Pandeya and Sriram, 1998; Bacchi et al., 2005; Singh and Singh, 2012) , anti-HIV (Pandeya et al., 1999; Jarrahpour et al., 2007; Hakimi et al., 2011) , antifungal (Pandeya et al., 2005; Sharma et al., 2011) , anticonvulsant (Sridhar et al., 2002; Varma et al., 2004) , antituberculosis (Qu et al., 2006; Karali et al., 2007) , antileprosy, antileukemic (Fahmi and Singh, 1997) , analgesic (Pal et al., 2011) , and antianxiety activity because of their specific structural features. Research dealing with Schiffbase metal complexes has broad interest in bioinorganic chemistry, catalysis ( Choudhary et al., 2006) , and magnetochemistry. Nitrogen and oxygen/sulfur donor ligands play a key role in coordination with metal at the active sites of numerous metallobiomolecules. The nature of the ligand and metals is of main importance in the interaction of the complexes with the DNA molecule, which would help in designing newer drugs and developing new, selective, and efficient DNA recognition and cleaving agents. A large number of transition and main group metal complexes have been found to promote DNA cleavage because of their redox properties. Metal ions in Schiff base complexes are attracted toward electron-rich molecules, such as proteins and DNA, giving rise to DNA cleavage (El-Gammal et al., 2014) .
The chemistry of main group elements with various nitrogen and oxygen/sulfur donors is the subject of increasing interest because of the striking structural features exhibited by this class of compounds (Casas et al., 2000) , and tin metal chemistry attracted more attention because of its remarkable industrial, medicinal, and agricultural applications as plastic stabilizers, catalysts, antifouling paints, fungicides (Singh and Kaushik, 2008) , wood preservatives, and disinfectants (Evans, 1998) . Coordination between tin and Schiff base ligands has been excessively investigated due to their versatile and significant biological activities. Organotin(IV) compounds possess cytotoxic and antitumor activities (Ahmad et al., 2007) . Semicarbazones (Sharma et al., 2010) and thiosemicarbazones (Kapoor et al., 2011) are biologically important nitrogen and oxygen/sulfur donor ligands, and their organotin(IV) complexes show significant activity (Chaudhary et al., 2009) .
Encouraged by those findings, this article reported on the synthesis and characterization of two new ligands and their organotin complexes. The antibacterial and antifungal activities of ligands and their corresponding organotin complexes were studied and compared in the present report. There are very few reports available on DNA cleavage activity of such complexes, and thus, an extension DNA cleavage activity of organotin complexes was also carried out and discussed. 
Results and discussion
The Schiff base ligands 5-iodo-indol-2,3-dionehydrazinecarboxamide (L 1 H) and 5-iodo-indol-2,3-dionehydrazinecarbothioamide (L 2 H) have been synthesized by the reaction of 5-iodoisatin with hydrazinecarboxamide (in the presence of sodium acetate) and hydrazinecarbothioamide in 1:1 molar ratio in absolute ethanol, respectively. Scheme 1 shows the synthesis of the ligands. The tautomeric forms (Singh and Nagpal, 2005) of the ligands are shown as well.
New organotin(IV) complexes were synthesized by salt-metathesis reactions of dimethyltin dichloride or trimethyltin chloride, with the sodium salt of ligands L 1 H and L 2 H being carried out in 1:1 or 1:2 molar ratios using dry methanol (Scheme 2).
The above reactions were found to be quite facile, and the resulting complexes have been obtained as colored solids, which are soluble in methanol, dimethylformamide, and dimethylsulfoxide (DMSO). The low molar conductance value (10-21
) of these complexes in anhydrous DMF at 10 -3 -m concentrations shows them to be non-electrolytes. The complexes are monomeric, as evidenced by molecular weight determinations.
Infrared spectra
The infrared (IR) spectra of the complexes were compared with the ligands, and from the shifts in frequency, the coordination sites were ascertained. The IR specta of the free ligands L , respectively, assigned to ν(N-H) vibrations (Fahmi et al., 2013) . These -NH bands are absent in the spectra of the metal complexes, indicating deprotonation of the -NH group followed by coordination. Ligands show bands at 1620-1628 cm -1 due to the (C = N) group, which are shifted to the lower frequency side by 10-18 cm -1 in the spectra of the corresponding metal complexes, indicating the coordination of the azomethine nitrogen to the tin atom. The IR spectra of the free ligands display two sharp bands at 3415-3456 and 3320-3345 cm -1 due to ν asym and ν sym vibrations of the -NH 2 group, respectively (Singh and Biyala, 2006) , which remain at almost the same positions in the spectra of the complexes, which suggests that the -NH 2 group is not involved in chelation. The bands due to the (C = S) and (C = O) group at 1035 and 1680 cm -1 in IR spectra of ligands shifted toward a lower wave number in the IR spectra of the complexes because of the coordination of sulfur and oxygen atoms to the central metal atom (Shrivastava et al., 2010) . The ligands and complexes exhibit a strong band at 3165-3197 cm -1 , which is assigned to ν(NH) of the 5-iodo-indol-2,3-dione moiety. This band remains almost unchanged in the spectra of the metal complexes, indicating that the -NH group of the 5-iodo-indol-2,3-dione does not take part in complexation. The band obtained at 1725 cm -1 due to (C = O) remains unchanged in the complexes, indicating that the C = O group of isatin moiety is not involved in the coordination. In the spectra of tin complexes, the medium intensity bands observed at 572-579, 403-423, and 352-361 cm -1 are assigned to (Sn-O) (Singh et al., 1998) , (Sn-N) (Dawara and Singh, 2011) , and (Sn-Cl) (Obafemi et al., 1986) modes, respectively, which are not observed in the spectra of the ligands. The bands corresponding to asymmetric and symmetric modes of (Sn-C) stretching vibrations appear at 597 and 520 cm -1 , respectively. The band observed in the spectra of the complexes at 1225-1182 cm -1 may be assigned to Sn-CH 3 stretching vibrations (Jain and Singh, 2003) . The most significant IR absorption frequencies, along with the relative assignments of the ligands and their Sn(IV) complexes, are listed in Table 1 .
H nuclear magnetic resonance spectra
The 1 H nuclear magnetic resonance (NMR) spectra of the ligands and their corresponding metal complexes were recorded in DMSO-d 6 . The chemical shift values are listed in Table 2 . These spectroscopic data also support the proposed structures. The 1 H NMR spectra of the ligands exhibit a singlet at δ 11.00-11.29 ppm corresponding to the -NH proton, which is absent in the complexes (Mahajan et al., 2009) . The absence of this signal suggests that this proton has been lost via thioenolization and ketoenolization of the C = S and C = O groups and that coordination of sulfur and oxygen to the metal atom, respectively, has taken place. The spectra of the ligands show multiplets in the region δ 6.54-8.14 ppm attributable to aromatic protons that appear almost in the same positions as in the spectra of the respective complexes. The -NH group of the indole ring gives singlet at δ 12.16-12.34 ppm in the spectra of the free ligands as well as in the complexes. It also shows that the -NH group of the ring is not taking part in the complexation. The peak corresponding to the -NH 2 proton of the ligands appears at δ3.15-3.34 ppm, which seems almost in the same position as in the respective complexes. It shows that the -NH 2 group is not taking part in the complexation. The singlet in the region δ 1.08-1.16 ppm is due to the CH 3 -Sn group. The ( Lockhart and Manders, 1986) , the θ(C-Sn-C) angle values of pentacoordinated organotin (IV) (Dubey and Pathak, 2008) . These signals show a considerable shift in their position in NMR spectra of complexes, which is due to the involvement of > C = N group in the complexation. It was seen from 13 C NMR spectra of ligands and metal complexes that, signal corresponding to different aromatic carbon atoms remain almost at the same position i.e. δ 119.68 to 144.15 ppm. The signal for the different aromatic carbon atoms in the ligand was observed at δ 119.68 to 144.15 ppm, which remains almost at the same position in the spectra of metal complexes. The Sn NMR spectra (δ, ppm) of ligands and their organotin(IV) complexes. C) = 11.4θ(C-Sn-C)-875 (Lockhart et al., 1985) , the θ(C-Sn-C) angle values of the penta-coordinated organotin (IV) 
Electronic spectra
The electronic spectra of the ligands and their complexes were measured in DMSO and gave significant information in establishing the coordination behavior of the metal complexes. The ligands show two bands at 265-272 and 315-320 nm (Biyala et al., 2004) due to the π-π * transitions of the aromatic ring, which appear almost at the same positions in the spectra of their tin(IV) complexes. Another band observed at around 367 nm in the spectra of the ligands can be assigned to the n-π * transitions of the ( > C = N) chromophore (Saxena and Singh, 1994) . This band shows a hypsochromic shift (15-20 nm) in the spectra of the complexes because of the polarization within the chromophore ( > C = N) that is caused by the metal-ligand interaction.
Thus, based on the results discussed and on analytical and spectroscopic data, a suitable trigonal bipyramidal geometry for penta-coordinated state for the (1:1) Me 2 SnCl(L 1 ), Me 2 SnCl(L 2 ), Me 3 Sn(L 1 ), and Me 3 Sn(L 2 ) complexes and an octahedral geometry for hexa-coordinated (1:2) Me 2 Sn(L 1 ) 2 and Me 2 Sn(L 2 ) 2 complexes have been suggested (Figure 1) .
Results of biological screenings Antimicrobial assay
The antimicrobial results show varying inhibitory effects on the growth of the tested bacterial and fungal species for both the ligands and their organotin(IV) complexes. with the ligands alone. It was evident from the antimicrobial screening data that the overall potency of the ligands increases on coordination with metal ions. This indicates that metal chelates are more active as compared with their respective ligands. This variation may be explained by the Tweedy chelation theory, which states that, on account of the partial sharing of the metal's positive charge with the ligand, the delocalizaton of the π electron over the chelate ring increases depending on which polarity of the central metal ion is reduced, which in turn increases the lipophilic character of the metal chelate. This favors its permeation more efficiently through the lipid layer of the cell membrane and destroys them effectively. It has also been suggested that metal complexes can bind to ribosome of microorganisms and inhibit peptide chain formation and transcription process. This will result in the suppression of normal cellular processes and deactivation of various cellular enzymes. It was observed that the antimicrobial activity may be correlated to the concentration of the sample taken, as it increases with an increase in the concentration of the complexes (as shown in Figures 2 and 3 ).
DNA cleavage activity
Agarose gel electrophoresis was used to perform DNA cleavage activity of the synthesized ligands and their organotin(IV) complexes against Escherichia coli (ATCC 25922), which is based on the principle of migration of DNA under the influence of electric potential (Gao et al., 2011; Kapoor et al., 2012) . Under control experimental conditions, gel electrophoresis results revealed that the ligands and their corresponding metal complexes show DNA cleavage activity. Untreated DNA is not cleaved, as seen in Figure 4 (lane 1). The ligands (lanes 3 and 4) and tin complexes (lanes 5 and 6) generate different bands as compared with control E. coli DNA, which is due to the conversion of supercoiled DNA into open circular forms by cleavage of the plasmid DNA at a concentration of 5 μg mL thiosemicarbazones are potent inhibitors of the enzyme ribonucleotide reductase and are capable of interrupting DNA synthesis and repair. Incorporation of metals onto these thiosemicarbazone ligands can result in alteration or enhancement of their biological activity (Sampath and Jayabalakrishnan, 2013) . The toxicological importance of the -N-C = S moiety has been well established in antifungal, antibacterial (Costello et al., 2008) , and pesticidal activities. Cleavage of plasmid DNA has an efficiency order Me 3 Sn(
The difference in DNA cleavage efficiency may be due to the different binding affinities of the different ligands and their respective organotin(IV) complexes to DNA.
Conclusion
Organotin(IV) complexes of L 1 H and L 2 H were synthesized. Analytical and spectroscopic studies indicated that the complexes possess a trigonal bipyramidal and an octahedral geometry and the ligands are coordinated to the metal atoms in a monobasic bidentate manner. The screening data of antimicrobial activity and DNA cleavage activity reveal that the complexes are more potent than the free ligands and would be useful in the development of possible applications in analytical, biological, and pharmaceutical fields in the future.
Experimental Materials
All the chemicals used in the work reported in this article were reagent grade, and the solvents used were dried and purified by standard methods. 5-Iodoisatin and Me 2 SnCl 2 and Me 3 SnCl salts were purchased from Sigma-Aldrich (St. Louis, MO, USA). The glass apparatus were cleaned, rinsed, and dried in an electric oven for 2-3 h. 
Analytical methods and physical measurements
Various analytical methods were used for the structural characterization of the compounds. Nitrogen and sulfur were estimated using the Kjeldahl and Messenger methods, respectively (Vogel, 2006) . Chlorine was estimated using the Volhard method. Tin was determined gravimetrically as SnO 2 . Molecular weights were determined by the Rast camphor method (Vogel, 2004) . Melting point was determined using capillaries in an electrical melting point apparatus. The IR spectra of the ligands and their complexes were recorded with the help of Nicolet Megna FTIR-550 spectrophotometer on KBr pellets (Shimadzu, USA). The electronic spectra were recorded on a Varian-Cary/5E spectrophotometer (USA). The Sn NMR spectra were recorded on an ECS 400 MHz (JEOL) NMR spectrometer (JEOL, Tokyo, Japan) at MNIT Jaipur using Me 4 Sn as standard.
Preparation of the ligands
L 1 H and L 2 H were synthesized by the reaction of 5-iodoisatin with hydrazinecarboxamide (in the presence of sodium acetate) and hydrazinecarbothioamide in the absolute ethanol, respectively. The reaction mixture was refluxed over a water bath for 3-4 h and allowed to stand overnight. The ligands were purified by recrystallization from the ethanol and dried in vacuo.
Preparation of the organotin(IV) complexes
To a weighed amount of Me 2 SnCl 2 was added the sodium salt of monobasic bidentate ligands (prepared by treating the ligand with sodium metal in dry methanol) in 1:1 and 1:2 molar ratios. Similarly, to a weighed amount of Me 3 SnCl was added the sodium salt of monobasic bidentate ligands in 1:1 molar ratio. The contents were heated under reflux for about 14-15 h and, after cooling, were filtered to remove sodium chloride. The excess of the solvent was removed in vacuo under reduced pressure. The resulting complexes were washed with n-hexane and recrystallized in methanol solution. The physical properties and analytical data of these complexes are enlisted in Table 4 .
Antibacterial activity
Newly synthesized ligands and their organotin(IV) complexes were checked for their antibacterial activity against two bacteria including Staphylococcus aureus (ATCC 29213), E. coli (ATCC 25922) using the Kirby Bauer disc diffusion method. A Müeller-Hinton agar (HiMedia, Laboratories, Mumbai, India) medium was used for antibacterial activity and was prepared using 300.0 g beef infusion, 17.5 g casamino acid, 1.5 g starch, 17.0 g agar-agar, and 1000 mL sterilized water (Raman et al., 2007; Zahid et al., 2007) . The prepared Müeller-Hinton agar medium was pipetted into the Petri dish and allowed to solidify. The agar pH was adjusted between 7.2 and 7.4 at room temperature. The compounds were dissolved in DMSO in 500-and 1000-mg L -1 concentrations. Paper discs of Whatman no. 1 filter paper, 6 mm in diameter, were soaked in these solutions of different concentrations of compounds. The discs were then dried and placed on the medium previously seeded with organisms in the Petri plates at suitable distance. The Petri plates were kept in an incubator at 35°C for 24 h. A 6-mm streptomycin disc was used as a standard antibiotic (+ve control), and its result was compared with the diameters of the zone of inhibition formed by the compounds. The antibacterial activity of the standard antibiotic streptomycin was also recorded using the same method. The zone of inhibition around each disc containing the test compounds was determined precisely in millimeters.
The % activity index of the complex was determined by the following formula:
% Activity index
Zone of inhibition by test compound (diameter) 100.
Zone of inhibition by standard (diameter) = ×
Antifungal activity
The antifungal activity of the synthesized complexes were checked in vitro against two pathogenic fungi, Fusarium semitectum (ATCC 200360) and Aspergillus flavus (ATCC 204304) using the well diffusion method or agar cup plate method (Arish and Nair, 2010) . To obtain isolated colonies, each culture to be tested was streaked onto a non-inhibitory agar medium and was kept in an incubator at 35°C overnight. After incubation, four or five well-isolated colonies were selected with an inoculum needle and were transferred to a tube of sterile saline solution. The inoculum used was prepared using the yeasts from a 24-h culture on Sabouraud dextrose agar, which was , it was introduced in the well (6 mm). In the next step, these Petri plates were wrapped in polythene bags containing a few drops of alcohol and placed in an incubator at 35°C for 24-48 h. The controls were also run, and three replicates were used in each case.
After incubation, the diameter of the zones of complete inhibition (including the diameter of the well) was measured and recorded in milligrams per liter. The linear growth of the fungus was obtained by measuring the diameter of the fungal colony after 4 days. The percentage inhibition was given as
where C is the diameter of the fungal colony in the control plate after 96 h and T is the diameter of the fungal colony in the test plates after the same period. The antifungal screening data of compounds were compared with the standard (itraconazole).
The antibacterial and antifungal activities of the free ligands and their tin complexes against various Gram-positive and Gram-negative bacteria and fungi are reported in Figures 2 and 3 , respectively.
DNA cleavage analysis
Preparation of culture media: The primary culture of E. coli (ATCC 25922) was inoculated on nutrient broth (peptone 5 g, beef extract 3 g, sodium chloride 5 g, and distilled water 1000 mL, pH 7.0), which was autoclaved at 121°C, with 15 psi pressure, for 15 min. The seeded media was incubated at 37°C for 24 h on a shaker (180 rpm). The secondary culture was obtained by transferring this primary culture to the fresh nutrient broth by adding an equal amount (25 mL each) of primary culture and fresh medium. After 48 h of incubation of secondary culture, DNA was isolated and the bands were visualized on ultraviolet transilluminator.
Isolation of DNA: A 1000-μL fresh bacterial culture was centrifuged at 6000 rpm for 10 min to obtain the pellet. To this pellet, 250 μL of cell lysis buffer (100 mmol L -1 Tris, pH 8.0, 50 mmol L -1 EDTA, 50 mmol L -1 lysozyme) was added and further centrifuged to obtain the supernatant at 10,000 rpm (g value 11,410) for 10 min and incubated for 1 h at -20°C. To the supernatant, 250 μL of saturated phenol, chloroform, and isoamyl alcohol were added in the ratio of 25:24:1, respectively, and the whole mixture was again centrifuged to collect the upper aqueous layer. To this collected aqueous layer, a double amount of chilled ethanol and 50 μL of sodium acetate were added, and through centrifugation, precipitated DNA was separated. The pellet was dried and dissolved in TAE buffer (100 mmol L -1 Tris pH 8.0 adjusted with glacial acetic acid, 10 mmol L -1 EDTA) and stored in the cold.
Treatment of DNA with the samples: The compounds (5 μg mL -1 ) were added separately to the DNA sample, and mixtures were kept in an incubator at 37°C for 2 h.
Agarose gel electrophoresis:
The agarose gel electrophoresis method was used for the analysis of cleaved products. One percent agarose gel was prepared by mixing 0.5 g of agarose and 50 mL of TAE buffer (4.84 g Tris base, pH 8.0, 0.5 mol/: EDTA/1 L) by boiling until agarose dissolves completely. The agarose solution was poured into the gel tank when the temperature reached approximately 60°C and the thickness of the gel was around 0.5 to 0.9 cm. The gel was left undisturbed and allowed to solidify at room temperature. The combs were gently lifted after pouring the TAE buffer at level of 0.5 to 0.8 cm above the gel surface, ensuring that wells remain intact. Loading of the 100-μL DNA samples (mixed with bromophenol blue dye in 1:1 ratio) was done carefully into the wells, along with the control, and a constant voltage of 50 V was maintained for around 30 min. The gel was removed and stained with 10.0 μg mL -1 ethidium bromide for 10-15 min, and the bands were visualized and interpreted under a UV transilluminator and photographed to determine the extent of DNA cleavage, and the results were compared with standard DNA marker.
